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I .  INTRODUCTION 

The  most  widely  used  coherent  optical  architecture  in  optical  computing 
and  optical  pattern  recognition  is  the  classical  or  Vander  Lugt  matched 
filtering  correlator. The  basic  Vander  Lugt  arrangement,  shown  in 
Figure  1,  requires  the  fabrication  of  a  holographic  matched  filter.  The 
input  scene  may  be  a  transparency  or  some  real-time  spatial  light  modulator 
such  as  a  Liquid  Crystal  Light  Valve  (LCLV)!^]  or  a  Modified  Liquid  Crystal 
Television  (MLCTV) . 1^,4]  ^  lens  performs  the  Fourier  transform  of  this  input 

scene  which  then  interferes  with  a  plane  wave  reference  beam  on  a  photographic 
recording  medium  such  as  Kodak  649F  plates.  The  plate  is  then  developed  and 
reintroduced  into  the  arrangement  at  its  original  position.  With  the  reference 
beam  obstructed,  if  the  Fourier  transform  of  the  test  image  matches  that  of 
the  holographic  recording,  then  the  reference  beam  is  recreated  along  its 
original  path.  This  recreated  beam  is  focused  into  a  small  bright  spot, 
known  as  the  correlation  of  the  two  images,  and  can  be  viewed  either  with 
a  vidicon  or  CCD  array. 

Two  disadvantages  arise  from  the  above  technique.  First,  the  plate  must 
be  photographically  processed,  thereby  not  allowing  the  direct  comparison  of 
two  images,  a  reference  and  input  scene,  in  real-time.  Secondly,  after 
development  of  the  plate,  it  must  be  reintroduced  into  the  system  at  its 
original  position  of  exposure.  This  alignment  is  extremely  critical  and 
cannot  deviate  by  more  than  a  few  microns  from  its  position  when  the  exposure 
was  made . ( ^ 1 


A  Joint  Transform  Correlator  (JTC)I^»^1  architecture  has  recently 
received  considerable  attention  as  an  alternative  to  the  classical  Vander 
Lugt  arrangement  because  of  its  potential  to  overcome  the  above  mentioned 
disadvantages  of  Vander  Lugt  filtering.  The  following  advantages  have  been 
proposed  by  Yu  and  Ludman^^J  using  a  magneto-optic  spatial  light  modulator 
as  the  input  device  to  a  JTC  arrangement:  (1)  large  space-bandwidth  product, 

(2)  capability  of  performing  multi-image  cross  correlation  in  real-time,  and 

(3)  high  optical  resolution. 

This  report  contains  the  results  of  an  in-depth  study  of  the  use  of  a 
JTC  for  pattern  recognition.  First,  an  introduction  to  the  operation  of  a 
JTC  is  provided.  Thereafter,  the  correlations  obtained  using  a  transparency 
as  the  input  and  reference  scenes,  coupled  with  a  photographic  plate  (Kodak 
649F)  as  the  square-law  fringe  detector,  are  compared  to  a  typical  Vander 
Lugt  correlation.  As  a  practical  matter,  the  transparency  scenes  were  then 
replaced  with  a  real-time  modulator;  specifically,  a  Litton  Data  Systems 
Magneto-Optic  Spatial  Light  Modulator  (MOSLM).  The  results  of  the  MOSLM, 
operated  in  both  amplitude  and  phase  modes  in  a  JTC,  while  still  using  the 
photographic  plates  as  the  square-law  detector,  will  be  discussed.  This 
report  also  takes  a  brief  look  at  using  a  LCLV  as  the  square-law  detector 
for  dynamic  correlating  applications. 

II.  THE  OPERATION  OF  A  JOINT  TRANSFORM  CORRELATOR 

The  schematic  representation  of  a  joint  transform  correlator  is  shown 
in  Figure  2.  The  input  and  reference  scene  transparencies  are  placed  vertically 
in  plane  and  Illuminated  with  a  collimated  HeNe  laser.  The  laser  beam 
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Figure  1.  The  Vender  Lugt  matched  filter  architecture 


Figure  2.  Schematic  representation  of  a  joint  transform  correlator 


containing  the  superimposed  images  is  then  Fourier  transformed  by  lens 
and  a  square- law  detector  such  as  a  LCLV  is  introduced  in  the  back  focal 
plane  P2>  It  is  this  property  of  simultaneously  Fourier  transforming  the 
input  and  reference  images  with  lens  L]^  and  the  ensuing  Interference  between 
the  transforms  of  the  two  that  enables  one  to  cross-correlate  spatial 
functions  in  real-time  without  photographic  processing. An  important  way 
of  describing  the  quality  of  interference  fringes  is  by  their  visibility. 
Ingwall  and  Fieldingf^®^  states  that  the  fringe  visibility  is  calculated  by 
the  beam  irradiance  ratio  K  =  Iref/^obj  ''I^h  the  equation 

V  =  2Vir  /  (1+K).  (1) 

The  K  ratio  of  a  JTC  is  unity  since  the  same  collimated  beam  is  used  to 
illuminate  and  interfere  the  two  input  images.  Therefore,  the  fringes  have 
a  visibility  of  unity.  Furthermore,  since  the  two  images  are  transformed 
with  the  same  lens,  they  may  be  positioned  anywhere  along  the  optical  axis 
between  lens  Lj  and  plane  P2  so  long  as  the  two  images  remain  coplanar.  The 
only  change  will  be  a  variation  in  the  scale  of  the  resulting  correlation. f 

As  stated  by  Casasent ,  f  J  the  amplitude  transmittance  of  plane  P]^  can 
be  described  by 

^1  =  g^xi,yi  -  b)  +  h(xi,yi  +  b)  (2) 

and  the  amplitude  distribution  of  the  light  incident  on  plane  P2  is  simply 
the  Fourier  transform  of  Equation  (2),  or 

G(u,v)exp(-i2Trvb)  +  H(u  ,v)exp(+i2Tib)  (3) 

where  u  and  v  are  spatial  frequencies  of  the  x  and  y  coordinates.  The  modulus 
squared  of  the  light  distribution  given  in  Equation  (3)  is  recorded  at  P2  and 
the  subsequent  amplitude  distribution  of  plane  P2  is  given  by  the  transmission 
of  the  exposed  plate  or 

t2(u,v)  =  |g|^  +  |h|2  +  GH*exp(-i4Trvb)  +  G*Hexp(+4Trvb)  (4) 

From  Equation  (4)  it  can  be  seen  that  both  complex  and  real  terms  are  involved. 
To  record  this  information  requires  a  medium  sensitive  to  both.  Plane  P2  is 
then  illuminated  with  a  collimated  HeNe  beam  and  Fourier  transformed  by  lens 
L2.  The  resulting  light  distribution  at  P3  is 

U3(x3 ,y3)=g*g  +  h*h  +  g*h*6(x3,y3+2b)  +  h*g*6(x3 ,y3-2b)  (5) 

where  *  represents  correlation  and  2b  is  the  center-to-center  spacing  of  the 
two  scenes  located  in  plane  Pj. 

The  joint  transform  at  P2  scales  according  to  f^,  the  focal  length  of 
lens  L^.  The  inverse  transform  at  P3  scales  according  to  f2,  the  focal  length 
of  lens  L2,  and  inversely  proportional  to  the  size  of  the  joint  transform  at 
P2.  Therefore,  plane  P3  contains  the  desired  cross-correlation  terms  of  g 
and  h  centered  at  (0,±bf2/fi).  Furthermore,  from  Equation  (5)  the  auto¬ 
correlations  of  the  functions  g  and  h  are  shown  to  be  centered  on  the  optical 
axis . 
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The  resolution  requireoMnts  of  the  detector  in  plane  P2  are  a  critical 
consideration  in  the  JTC  architecture.  The  spatial  frequency  that  must  be 
sampled  by  this  detector  is  proportional  to  the  center-to-center  spacing  of 
the  input  images  in  plane  The  minimum  resolution  required  is  determined 

by 


(sin  6)/X  (Ip/mm)  (6) 

where  X  is  the  illuminating  wavelength  or  0.6328  pm  for  HeNe  and  sin 
or  2b/f]^.  Intuitively,  one  may  scale  the  focal  length  of  the  transforming 
lens  to  trade  off  resolution  against  field  of  view  in  plane 
Casasent  and  Furman stated  that  the  resolution  requirements  for  the 
detector  at  plane  P2  are  at  least  as  stringent,  and  in  some  cases  more 
stringent,  for  a  JTC  arrangement  than  the  matched  filter  recording  of  a 
Vander  Lugt  system.  This  constraint  appears  to  be  the  chief  reason  that 
the  JTC  has  not  been  utilized  more  often. 

III.  THE  EXPERIMENTAL  JOINT  TRANSFORM  CORRELATOR 

The  experimental  arrangement  to  photographically  record  the  interaction 
of  the  transforms  of  the  two  images  is  shown  in  Figure  3.  A  Spectra-Physics 
Model  124B  Helium-Neon  laser  was  used  to  make  the  required  exposures.  The 
input  plane  P]^  consisted  of  a  transparency  of  two  Identical  tanks  with  black 
backgrounds  (see  Fig.  4)  which  were  observed  to  have  a  center-to-center 
spacing  of  »1.3  cm.  The  Fourier  transform  lens  FTL^  had  a  focal  length  of 
1069  mm  and  a  diameter  of  ‘^lOl  mm.  A  Kodak  649F  glass  plate  was  exposed  at 
the  Fourier  transform  plane  P2  with  the  emulsion  side  facing  toward  the  laser. 
After  exposure,  the  plate  was  developed  using  standard  techniques  (D-19 
developer,  Kodak  stop  bath,  and  Aerofix  fixer  A).J15]  Once  developed,  the 
plate  was  introduced  into  the  arrangement  shown  in  Figure  5.  In  this  arrange¬ 
ment,  the  exposed  area  of  the  plate  was  illuminated  with  a  collimated  plane 

wave  from  a  Spectra-Physics  Model  124B  HeNe  laser  and  afterwards  Fourier  trans¬ 
formed  by  lens  FTL2.  Initially,  lens  FTL2  had  a  focal  length  of  1069  mm  but 

was  later  changed  to  a  lens  with  a  focal  length  of  914  mm. 

A  bright  DC  area  located  on  the  optical  axis  was  observed  at  the  focal 
plane  using  the  lens  with  a  focal  length  of  1069  mm.  After  the  introduction 
of  an  opaque  DC  filter  block  just  before  the  focal  plane,  two  bright  spots 
symmetrically  located  above  and  below  the  DC  area  by  %1.5  cm  were  observed. 
These  spots  represent  the  cross-correlation  between  the  two  tanks.  A  photo¬ 
graph  of  the  correlation  plane  is  shown  in  Figure  6. 

The  plate  was  removed  from  its  stationary  holder  and  rotated  to  test  for 
the  sensitivity  of  the  correlation  intensity  to  the  plate  orientation.  The 
correlation  spots  rotated  along  with  the  plate  and  with  no  significant  change 
in  intensity.  The  plate  was  then  reintroduced  into  the  holder  with  its 
emulsion  side  facing  away  from  the  laser  as  opposed  to  the  original  orienta¬ 
tion  of  facing  the  laser.  Again,  no  significant  change  in  the  correlation 
intensity  was  noted. 
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Figure  5.  Experimental  arrangement  used  to  address  the  fringe  structure  recorded  on  the 
photographic  plates. 


NOTE:  The  central  order  is  the  DC  area  which  was  partially  blocked. 

The  correlations  are  the  bright  areas  directly  above  and  below 
the  DC  area. 


Figure  6.  Photograph  of  the  correlation  plane  using  transparencies 
for  the  input  images. 


Next,  a  30x  microscope  objective  and  vidicon  imaging  system  was  used  to 
observe  the  structure  of  one  of  the  cross-correlation  terms.  The  correlation 
signal  was  composed  of  a  central  bright  spot  and  three  surrounding  lobes.  The 
amount  of  diffracted  energy  compared  to  the  incident  light  on  the  plate  was 
determined  to  be  %2.8  percent  for  each  cross-correlation  term;  or  more  con¬ 
cisely,  5.6  percent  of  the  light  incident  on  the  plate  was  diffracted  into 
the  cross-correlation  terms.  An  intensity  scan  of  one  of  the  correlations, 
shown  in  Figure  7,  was  performed  using  a  Colorado  Video  Analyzer  and  a  standard 
chart  recorder.  From  Figure  7,  the  peak  signal-to-peak  noise  of  the  upper 
correlation  was  determined  to  be  39:1  (15:91  dB).  The  peak  signal-to-average 
noise  is  195:1  (22.9  dB).  The  side  lobes  were  not  included  in  the  signal-to- 
noise  ratio  calculations.  The  plate  was  then  removed  from  the  system  and  the 
interference  fringes  observed  under  a  microscope.  The  fringes  were  measured 
to  be  0.05  mm  wide  from  center  to  center.  Therefore,  the  square- law  detector 
used  must  have  a  minimum  resolution  of  20  Ip/mm.  The  fringe  structure  is 
shown  in  Figure  8. 

Several  more  exposures  were  made  utilizing  the  arrangement  of  Figure  3 
so  as  to  verify  pattern  discrimination  and  translational  invariance  of  the 
correlator  arrangement.  At  this  point,  the  focal  length  of  FTL2  was  changed 
to  914  mm.  To  verify  the  Interference  of  the  two  transforms  of  the  Images, 
one  of  the  tanks  on  the  transparency  was  masked  and  an  exposure  was  made. 

Once  developed,  the  plate  was  introduced  into  the  arrangement  of  Figure  5. 

No  correlation  intensities  were  detected  in  the  focal  plane;  only  the  DC 
spot  was  evident.  A  micrograph  of  the  exposed  plate  is  shown  in  Figure  9. 

By  comparison  to  the  micrograph  of  Figure  8,  one  readily  sees  that  no 
fringing  has  occurred  in  the  latter  exposure.  One  of  the  tanks  was  trans¬ 
lated  with  respect  to  the  other  to  verify  translational  invariance  and  again 
an  exposure  was  performed.  When  introduced  into  the  system  of  Figure  5,  it 
was  observed  that  the  cross-correlation  term  above  the  DC  area  had  translated 
directly  proportional  to  the  translation  of  the  input  Images,  and  that  the 
lower  cross-correlation  term  had  translated  in  the  opposite  direction  of  the 
Input  image  translation.  The  peak  signal-to-peak  noise  ratio  of  the  trans¬ 
lated  correlation  was  34.75:1  (15.41  dB)  and  the  peak  signal-to-average  noise 
was  86.88:1  (19.39  dB).  These  signal-to-noise  ratios  are  again  neglecting 
the  characteristic  side  lobes  of  the  correlation  signals.  Furthermore, 

^2,2  percent  of  the  incident  energy  on  the  plate  was  diffracted  into  each 
of  the  cross-correlation  terms.  The  plate  was  examined  under  the  microscope 
as  before-fringing  was  evident.  A  photograph  of  the  translated  correlations 
is  shown  in  Figure  10  and  an  intensity  scan  of  the  upper  correlation  is  shown 
in  Figure  11. 

The  JTC  architecture  employed  in  this  investigation  compares  favorably 
to  the  classical  Vander  Lugt  matched  filtering  architecture.  The  peak 
signal-to-peak  noise  ratios  and  the  peak  signal-to-average  noise  ratios  are 
in  the  same  range.  However,  the  diffraction  efficiency  of  a  correlation 
from  a  JTC  is  5  to  6  times  greater  than  that  of  a  classical  matched  filter 
correlation  that  also  utilizes  Kodak  649F  plates  as  the  recording  medium. 

The  JTC  explored  here  exhibited  a  correlation  efficiency  of  <^2.8  percent 
whereas  the  typical  Vander  Lugt  filter  may  exhibit  an  efficiency  of  »0.5 
percent.  Furthermore,  the  realignment  of  the  plate  into  the  system  after 
exposure  and  development  is  much  more  straightforward  in  the  JTC  than  in  the 
Vander  Lugt  architecture  where  the  matched  filter  must  be  realigned  to 
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Figure  8 


Figure  9.  Micrograph  of  the  recording  of  the  Fourier 

transform  of  only  one  tank  (50x  magpification) . 

NOTE:  No  fringing  is  evident. 
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Figure  10.  Photograph  of  the  correlations  due  to  one  of  the 
tanks  on  transparencies  being  translated  with 
respect  to  the  other. 


14 


within  a  few  microns  of  the  original  position.  The  fringe  recording  plate 
of  a  JTC  can  be  positioned  virtually  anywhere  within  a  plane  wave  beam. 

IV.  JOINT  TRANSFORM  CORRELATION  USING  A  MAGNETO-OPTIC  SPATIAL 

LIGHT  MODULATOR 

Real-time  Input  scenes  replaced  the  transparency  Inputs  used  above  with 
the  addition  of  a  Magneto-Optic  Spatial  Light  Modulator  (MOSLM).  The  MOSLM 
is  a  partially  transparent  array  of  pixels  on  a  semiconductor  chip.  Each 
pixel  is  made  of  a  magnetic  film  chat  exhibits  binary  (left  or  right) 

Faraday  rotation  of  polarized  light.  The  polarity  of  each  pixel  can  be 
controlled  by  means  of  currents  driven  through  a  grid  of  conductors 
surrounding  Che  pixels,  with  Che  aid  of  an  externally  applied  magnetic 
field. After  light  goes  through  the  device,  it  passes  through  a  linear 
polarizer.  If  the  polarizer  is  set  so  as  to  pass  one  polarization  but  not 
the  ocher,  an  amplitude  modulated  image  results.  If  the  polarizer  axis  is 
set  perpendicular  to  Che  incident  polarized  light,  a  phase  modulated  image 
results.  The  particular  MOSLM  used  in  this  experiment  was  a  128  x  128  pixel 
device  which  had  an  effective  surface  area  of  approximately  1  cm^.  The 
experimental  arrangement  shown  in  Figure  12  was  used  to  record  the  interfer¬ 
ence  between  the  transforms  of  Che  input  and  reference  scenes,  using  a 
Kodak  6A9F  photographic  plate.  This  arrangement  was  similar  to  that  of 
Figure  3  except  plane  contained  Che  MOSLM  Instead  of  transparencies,  and 
a  polarizer  was  used  for  amplitude  or  phase  modulation  of  the  input  scenes. 
Furthermore,  the  focal  length  of  FTLj  was  shortened  to  254  mm  in  order  to 
have  approximately  the  same  spacing  between  cross-correlation  terms  as  before, 
since  the  input  scenes  were  displayed  simultaneously  on  the  MOSLM  and  were 
thus  closer  together  (center-to-center  spacing  of  »s0.3  cm). 

The  first  exposures  performed  with  the  arrangement  of  Figure  12  were 
with  Che  MOSLM  being  amplitude  modulated.  Examples  of  the  binary  Images 
displayed  on  the  device  are  shown  in  Figures  13  through  15.  First,  two 
identical  tanks  (Fig.  13)  were  written  to  the  device  and  exposures  of  their 
transform  interactions  were  recorded  on  photographic  plates.  The  developed 
places  were  then  addressed  using  the  system  shown  in  Figure  5.  The  cross- 
correlation  terms  were  present  in  the  transform  plane;  however,  these  terms 
were  not  as  pronounced  as  Chose  discussed  in  Section  III  of  this  report. 

No  accurate  signal-to-noise  ratios  were  calculated,  but  they  were  marginal 
at  best.  Furthermore,  only  0.1  percent  of  the  energy  which  was  incident  on 
the  plate  was  actually  diffracted  into  each  of  the  cross-correlation  terms. 

The  plate  was  removed  from  Che  system  and  observed  for  fringing  under  a  micro¬ 
scope.  The  fringing  was  present  but  not  as  pronounced  as  the  fringing  ob¬ 
served  when  the  transparencies  were  utilized.  Photographs  of  the  correlations 
and  the  fringe  structure  are  shown  in  Figures  16  and  17. 

Next,  a  new  pattern  was  written  to  the  MOSLM.  This  pattern  was  that  of 
two  tanks  identical  in  nature  except  for  the  fact  that  one  was  translated 
with  respect  to  the  other  (Fig.  14).  This  image  was  used  to  verify  Che 
translational  invariance  of  the  correlator  as  discussed  in  Section  III.  An 
exposure  identical  to  the  one  above  was  taken,  and  after  development,  was 
addressed  with  the  same  system  used  previously.  The  correlation  signals 
were  present  and  translated  as  expected.  Again,  these  signals  were  surrounded 
by  noise  and  no  accurate  signal-to-noise  ratios  were  measured.  Also,  only 
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Figure  12.  Experimental  arrangement  to  record  the  fringe  structure  from  Images  displayed  on  MOSLM 


Figure  13.  Two  identical  tanks  displayed  on  the  MOSLM. 
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Figure  14.  Two  tanks,  one  translated  with  respect  to  the  other, 
displayed  on  the  MOSLM. 
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Figure  15.  Two  tanks,  one  rotated  with  respect  to  the  other, 
displayed  on  the  MOSLM. 
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I 


NOTE: 


Figure  16.  Correlation  plane  with  the  MOSLM  used  as  the  input 
device . 


Central  DC  area  is  partially  blocked  and  the  starburst  pattern  is 
due  to  an  iris  introduced  in  the  addressing  arrangement. 
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Figure  17.  Fringe  structure  of  the  photographic  recording 
(50x  magnification). 
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0.1  percent  of  the  energy  incident  on  the  plate  was  diffracted  into  each  of 
the  cross-correlation  terms.  A  rotation  of  one  of  the  tanks  was  then  per¬ 
formed  with  respect  to  the  other  (Fig.  IS)  and  another  plate  exposed, 
developed,  and  addressed  using  the  sasie  procedure.  Mo  correlation  terms 
were  observed.  This  is  what  would  normally  be  expected  with  a  Vander  Lugt 
Biatched  filter. 

The  polarizer  was  then  rotated  for  phase  modulation  of  the  images 
displayed  on  the  MOSLM  device,  and  an  identical  sequence  of  exposures  was 
performed.  The  correlations  achieved  by  this  method  were  little  different 
than  those  fabricated  with  the  MOSLM  in  the  amplitude  mode.  Translational 
invariance  was  again  proven  to  be  correct  with  this  correlator  architecture 
and,  as  expected,  no  correlation  occurred  when  one  tank  was  significantly 
rotated  with  respect  to  the  other. 

The  primary  reason  for  these  correlations  being  merely  adequate  is  the 
fact  that  the  MOSLM,  which  is  operated  in  a  transmission  mode,  transmits 
only  two  percent  of  the  light  Incident  on  its  semiconductor  chip.  The 
exposures  discussed  above  were  also  long  in  duration  and  probably  allowed  the 
interference  fringes  to  drift.  Although  time  did  not  permit,  an  Interesting 
extension  of  this  experiment  would  be  the  replacement  of  the  35  mW  Hellum- 
Meon  laser,  used  in  the  optical  setup  shown  in  Figure  12,  with  a  more  power¬ 
ful  source  such  as  an  Argon  laser. 

V.  THE  USE  OF  A  LIQUID  CRYSTAL  LIGHT  VALVE  AS  A  SQUARE-LAW  DETECTOR  IM 

A  JOINT  TRANSFORM  CORRELATOR 

For  many  practical  applications,  the  joint  transform  correlator  must 
have  a  real-time  input  device  and  a  real-time  square-law  detector.  The  input 
device  must  be  capable  of  providing  a  scene  and  a  reference  object  at  near 
real-time  or  video  frame  rates.  Furthermore,  the  real-time  square-law  detector 
must  be  able  to  resolve  the  interference  between  the  Fourier  transforms  of 
the  scene  and  reference  information.  As  shown  in  Section  IV  of  this  report, 
a  capable  candidate  for  the  real-time  input  device  may  be  the  magneto-optic 
spatial  light  modulator.  A  potential  real-time  square-law  detector,  namely, 
the  liquid  crystal  light  valve  (LCLV)  is  discussed  below. 

It  was  experimentally  determined  in  Section  III  (see  Fig.  8)  that  the 
minimum  resolution  this  device  must  have  in  order  to  resolve  the  interfer¬ 
ence  pattern  produced  by  the  transparencies  of  the  tanks  is  20  Ip/mm.  Some 
of  the  better  operating  devices  available  are  capable  of  this  resolution  but, 
typically,  a  resolution  of  10  Ip/mm  is  normally  reported  for  the  Hughes 
Corporation  LCLV.  The  particular  light  valve  used  in  this  Investigation  to 
explore  the  possibility  of  real-time  detection  has  been  known  to  provide  at 
least  20  Ip/mm,  depending  on  several  driving  parameters  such  as  waveform, 
amplitude,  and  frequency  of  the  driving  signal.  This  light  valve  was  placed 
in  the  optical  architecture  as  shown  in  Figure  18. 

The  architecture  of  Figure  18  utilized  the  transparencies  of  the  tanks 
as  the  scene  and  reference  information.  The  transparencies  were  illuminated 
by  a  collimated  plane  wave  beam  from  a  Spectra-Physics  Model  124B  Helium-Neon 
laser.  The  modulated  beam  was  then  transformed  by  FTL]^  which  had  a  focal 
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length  of  1069  mm.  At  the  transform  plane,  the  light  valve  was  introduced. 

The  read  side  of  the  light  valve  was  illuminated  with  a  collimated  plane  wave 
provided  by  a  Hughes  3221H-C  HeNe  laser.  Upon  reflection  off  of  the  light 
valve,  the  beam  was  directed  through  a  polarizer  for  maximum  contrast  and  an 
iris  to  block  some  unnecessary  light  information  caused  by  multiple  reflec¬ 
tions  from  the  beam  splitter.  The  beam  was  then  transformed  using  FTL2  which 
had  a  focal  length  of  914  mm. 

At  the  focal  plane,  no  correlations  were  visible  to  the  human  eye; 
however,  a  camera  was  introduced  into  the  focal  plane  and  two  faint  but 
detectable  cross-correlation  signals  were  present.  At  this  point,  one  of 
the  tanks  was  physically  blocked  and  the  correlation  signals  were  observed 
to  disappear.  This  procedure,  therefore,  proves  that  a  liquid  crystal  light 
valve  can  work  moderately  as  a  square-law  detector  in  a  joint  transform  correla¬ 
tor.  However,  for  effective  real  world  applications  of  a  JTC,  the  resolution 
of  the  light  valve,  and  spatial  light  modulators  in  general,  must  be  Improved 
beyond  the  current  state  of  the  art. 

VI .  CONCLUSION 

The  Joint  Transform  Correlator  (JTC)  is  a  viable  alternative  to  the 
classical  Vander  Lugt  matched  filtering  architecture  due  to  the  potential 
real-time  correlating  capability  between  a  scene  and  a  reference  image.  The 
efficiency  of  the  JTC  has  been  proven  in  some  circumstances  to  be  greater 
than  that  of  a  Vander  Lugt  system  and  the  critical  alignment  of  a  matched 
filter  is  no  longer  a  necessity. 

The  input  information  used  in  this  investigation  was  provided  by  trans¬ 
parencies  and  later  by  a  magneto-optic  spatial  light  modulator.  Future  input 
devices,  such  as  the  recently  developed  deformable  mirror  device  spatial  light 
modulator  from  Texas  Instruments  or  the  amorphous  silicon  modulator  reported  by 
Ashley  and  Davis^^^l,  could  prove  to  be  potentially  significant  improvements 
over  these  two  methods  of  providing  input  information  to  the  system. 

Throughout  this  report,  the  resolution  of  the  square- law  detector  was 
observed  to  be  a  major  limitation  of  the  joint  transform  architecture. 

However,  great  emphasis  is  currently  being  given  to  improving  the  resolution, 
as  well  as  the  response  time,  of  spatial  light  modulators  currently  marketed. 

If  these  devices  are  Improved,  then  the  joint  transform  correlator  could  be 
a  promising  alternative  to  the  Vander  Lugt  system. 
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